A. Title of the invention: PROCESS AND DEVICE FOR SEALING OR REDUCING 
HOLES, AND CONNECTING HOLES WITH A TUBE END. 



B. Cross-reference to related applications. 

C. Background of the invention. 

1. Field of the invention. 

The presented invention concerns a method and device for sealing or reducing drilled 
holes or their connection with a tube end or similar connections. 

2. Description of related art including information disclosed under 37 CFR 1.97 and 
37 CFR 1.98. 

In practically all technical areas there is a necessity to seal drilled holes such that they are 
leak-free, e.g. an auxiliary drill hole in the hydraulic or pneumatic branch, or to reduce diameter 
of the drilled hole for adjusting to new requirements or to connect a drilled hole to a tube end, 
without having to utilize techniques such as threading, which are susceptible to leakage or which 
are labor intensive and expensive such as welding or soldering techniques. The latter techniques 
are often not possible due to the necessary generation of heat. 

In a known technique, a drilled hole, e.g. an auxiliary drill hole in the hydraulic- or 
pneumatic branch, to be sealed without leakage, a stopper cup is inserted into the hole and is 
expanded by pressing a ball into the open end of the cup. Thus, the cup is radially expanded to 
press into the wall of the hole thus sealing the hole. In order to reduce a drilled hole by the same 
method, instead of the stopper cup, closed at the front end, a piece of tubing may be used, and in 
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order to connect the respective drill hole to a tube end, this tube itself has to be expanded into the 
drill hole. 

This technique is expensive, requiring extensive and precise machining, and requires for 
a leak free press fit of the tubing material at the drill hole walls, a substantial drilling depth and 
5 close concentricity between the wall of hole wall and the opposing surface of the device. 

D. Brief summary of the invention. 

10 The method of the present invention achieves the leak tight seal by axial pressure, 

possibly with an additional tumbling action. At least one element is inserted into the hole to be 
sealed, and is at least temporarily supported by a support shoulder or other means. The element 
has the shape of a disc, which has been formed into a conical or domed shape such that axial 
pressure tending to flatten or collapse the element causes a radial expansion of the rim of the disc 

15 shaped surface to achieve a press fit with the wall of the drilled hole. The element may be 
formed of a flat disc, washer, or other flat piece having an annular rim ? the piece being formed 
into the element of the present invention in the desired conical shape by placement in a conical 
die and impacted by a ball or other tool to form the desired cone or dome shape. The shaping 
process acts to reduce the diameter of the element rim such that the rim will radially expand, 

20 returning toward its original diameter when flattened by axial pressure exerted against the apex 
of the conical shape when opposed by axial force or restraint of the rim. The opposing axial 
force exerted against the rim may be supplied by a support shoulder, or by an opposing tool. 
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Furthermore the invention presented concerns a device to seal or reduce drilled holes or 
connect a tube end or similar material therein. The device is characterized by at least one 
element with a disc shaped surface with a rim smaller than the diameter of the drilled hole to 
receive the element, the element having a cone- or dome-shaped configuration to allow a radial 
expansion of the rim of the disc shaped surface and achieve a press fit with the wall of the drilled 
hole when axial pressure is applied against the apex of the cone shape, and at least a temporary 
support of the element. It is possible to simply place the element of the device of the present 
invention into the hole and then with axial pressure from outside, e.g. by a punch, to flatten the 
conical or domed shape to achieve a radial expansion of the disc shaped surface of the element 
and a press fit with the wall of the drilled hole. This method and device has manifold 
applications and may be adapted for use with a variety of components as well. While the method 
is useful in applications involving drilled holes, the method and devices referred to herein are 
equally applicable and useful with holes formed by casting or other methods. 

In a further development on the invention, two or more elements can be placed on top of 
each other in the drill hole with a sealing disc formed of an elastomeric sealing material placed 
between two elements to be pressed in together. 

Furthermore the element of the device of the present invention can be "can" or cup 
shaped with an outer shoulder ring to sit on the rim of the hole, whereby the bottom of this 
element forms the disc shaped surface with cone or dome shaped configuration with the apex of 
the cone or peak of the dome projecting in the direction of the rim. In this arrangement the outer 
shoulder ring replaces the support shoulder mentioned above. A punch can be used directly to 
press down and thus flatten the element bottom and the element can be filled with a formable 
material such as lead. 
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In a further development of the invention, in a device of the present invention, the 
element can be configured as a perforated disc or a disc with a center hole, or as a tube section or 
a threaded bolt with a flange which forms the disc shape surface with cone or dome shaped 
configuration. 

In another development of the device of the present invention the element can show a 
cone or dome shaped configuration circumferentialiy close to the rim, whereby an annulus of 
material is projected above the surface of the element, with a outer frusta-conical surface and an 
inverted frusta-conical inner surface. The method of the present invention may be further 
applied to configure the flanged end of a tube as the conical element, which, when flattened by 
axial force on the tube and axial restraint of the flange rim, will radially expand the flange rim 
into a press fit. This result can also be achieved using a conically shaped, perforated disc for a 
connection with a tube end, whereby, under pressure, a radial expansion and a press fit of the rim 
of the disc is achieved with the wail of the hole and of the edge of the perforation of the disc with 
the cylindrical wall of the tube end. 

In yet a further development of the device of the present invention the element can be a a 
folded annulus having two frusta-conical surfaces inverted with respect to each other and formed 
of one piece, such that axial pressure applied to top and bottom rims in opposing directions will 
flatten and radially expand the element. An elastomeric material may be retained axially 
between the opposing surfaces and squeezed into sealing contact with the hole wall when the 
element is flattened. 

The principal aim of the present invention is to provide a new and improved method and 
devise for sealing or reducing a hole or connecting a component which meets the foregoing 
requirements and which is capable of being easily installed in a hole or bore. 
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Another and further object and aim of the present invention is to provide a new and 
improved method and devise for sealing or reducing a hole or connecting a component which 
meets the foregoing requirements and which is economical to manufacture and to provide an 
economical method of manufacture and installation. 

Yet another and further object and aim of the present invention is to provide a new and 
improved method and devise for sealing or reducing a hole or connecting a component which 
meets the foregoing requirements and which can be installed in either direction. 

Other objects and advantages of the invention will become apparent from the Description 
of the Preferred Embodiments and the Drawings and will be in part pointed out in more detail 
hereinafter. The invention consists in the features of construction, combination of elements and 
arrangement of parts exemplified in the construction hereinafter described and the scope of the 
invention will be indicated in the appended claims. 
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G. Brief description of the several views of the drawing. 

FIG. 1 is a cross section view of a preferred embodiment of a device constructed in 
accordance with the present invention placed in a circular hole, but not fully installed therein. 

FIG. 2 comprises two cross section views of another preferred embodiment of a device 
constructed in accordance with the present invention, which, on the left hand has been placed in 
a circular hole, but not fully installed therein, and on the right hand has been fully installed. 

FIG. 3 is a cross section view of another preferred embodiment of a device constructed in 
accordance with the present invention placed in a circular hole, but not fully installed therein. 

FIG. 4 is a split cross section view of another preferred embodiment of a device 
constructed in accordance with the present invention, which, on the left hand has been placed in 
a circular hole, but not fully installed therein, and on the right hand has been fully installed. 

FIG. 5 is a split cross section view of another preferred embodiment of a device 
constructed in accordance with the present invention, which, on the left hand has been placed in 
a circular hole, but not fully installed therein, and on the right hand has been fully installed. 

FIG. 6 is a cross section view of another preferred embodiment of a device constructed in 
accordance with the present invention placed in a circular hole, but not fully installed therein. 

FIG. 7 comprises two cross section views of another preferred embodiment of a device 
constructed in accordance with the present invention, which, on the left hand has been placed in 
a circular hole, but not fully installed therein, and on the right hand has been fully installed. 

FIG. 8 is a split cross section view of another preferred embodiment of a device 
constructed in accordance with the present invention, which, on the left hand has been placed in 
a circular hole, but not flilly installed therein, and on the right hand has been fully installed. 
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H. Detailed description of the invention. 

The Drawings show a variety of configurations of devices constructed in accord with the 
present invention, all of which have in common a round disc shaped element configured with a 
conical, frusta-conical or dome shaped surface, which elements are designated by the numeral 4 
in Figs 1 and 2, by the numeral 4' in Fig. 3, by the numeral 4" in Figs 4 and 7, by the numeral 
4" 5 in Fig. 6, and by the numeral 4"" in Fig. 8. The present invention being directed to sealing, 
reducing or securing a tube to a hole in a boss, the drawings are oriented such that the top of the 
drawings correspond to the outside of the hole and the bottom corresponds to the inside of he 
hole, and directions such as up, top, down or bottom derive their meaning accordingly. In the 
drawings, the general point of application, and direction of axial pressure is indicated by the 
arrows designated by the numeral 6, and the arrows designated by the numeral 6' indicate the 
direction of radial expansion of the rim of the device. 

Fig. 1 shows a round disc shaped element 4 of the device per invention manufactured 
from steel or similar material in a round drill hole 1 with inner support shoulder 2 in a metallic 
body 3, e.g. an engine block, to seal the drill holel. The element 4 in this case is smaller in 
diameter that the diameter of the drill hole 1 and of dome shaped configuration. Arrows 6' show 
the direction of the radial shift and press fit of the rim zone 5 of the disc shaped element 4 with 
the wall of the drill hole 1 upon application of an axial pressure on the disc shaped element 4 as 
shown by arrow 6. Said axial pressure is exerted by a suitable punch (not shown), perhaps with 
an additional tumbling action. If in such a configuration the named support shoulder 2 is 
missing, at least the rim 5 of the element 4 has to be at least temporarily supported, e.g. by a 
suitable counter punch (not shown). 
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According to Fig. 2, two or more elements 4 can be placed in the drill hole on top of each 
other (picture left) and then can be pressed in together (picture right). For an absolute sealing it 
is advantageous if additionally a sealing disc 7 of an elastomeric sealing material is provided 
between two outer elements 4. 

In a further development of the present invention, as shown in Fig.3, the element 4' of the 
device is configured in a can or cup shape with an outside shoulder 8 to sit on the rim of the hole, 
whereby the bottom of this element 4' forms the disc shaped surface with cone or dome shaped 
configuration. In this arrangement the ring shoulder 8 restrains the rim of the conical surface and 
replaces the support shoulder 2 mentioned before. The axial pressure in this case can be 
performed again by means of a punch directly and/or by filing the element 4' with a formable 
material, such as lead (not shown). 

In the arrangement shown in Fig. 4 the element 4' in comparison to Fig, 1 is configured as 
a perforated disc to reduce drill holes. 

In the arrangement shown in Fig. 5 the element is a tube section 9 or a threaded bolt with 
a flange 10 forming the disc shaped surface with cone or dome shaped configuration. This 
allows especially a very flat construction, e.g. a front plate, to which a tube connection or the 
assembly of a printed circuit boards has to be provided. 

A further variation of the configuration is shown in Fig. 6, whereby the element 4'" of 
the device per invention shows a cone or dome shaped configuration circumferentially close to 
the rim. Element 4'" comprises a radially outer portion in a frusta-conical shape with the base 
downward and an adjoining radially inner portion in a frusta-conical shape with the base upward, 
and a central flat section. 
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A further variation of the configuration is shown in Fig. 7 whereby for connecting the 
drill hole 1 with a tube end 11, e.g. a tube nipple, the element 4" of the device of the present 
invention has a central perforation similar to that shown in Fig. 4, and can be used either singly 
or plurally as shown in the arrangement in Fig. 2. Under axial pressure, a radial shift and press 
fit of the rim zone of the disc shaped surface with the wall of the installation hole is achieved, as 
is a press fit of the hole edge of the disc shaped surface with the cylinder wall of the tube end 1 1. 

Furthermore the element 4 ,, " of the device per invention may be a perforated disc per 
Fig. 8 with a cone or dome shaped circumferential rim zone 12. Element 4"" is formed of an 
annular piece comprising two coaxial frusta-conical surfaces, the bases of which correspond to 
the rim zone, and contact the hole wall, the bottom surface angling inwardly upward and the top 
surface angling inwardly downward. A gap exists between the two surfaces before installation, 
which gap may receive an elastomeric seal material. Upon application of axial pressure 
according to arrow 6, the two surfaces flatten and the rims thereof approach each other while 
radially expanding to a press fit in the hole. 

The method of the present invention comprises the sealing, reducing, or connecting a 
component to an installation hole by forming a device with a conical or dome shaped element 
with a radially outer rim, and at least temporarily supporting at least said rim by a support 
shoulder or other means, and applying axial pressure to the element in opposition to the rim 
support, possibly with an additional tumbling action. The element has the shape of a disc, which 
has been formed into a conical or domed shape such that the axial pressure tends to flatten or 
collapse the element causing a radial expansion of the rim, thereby achieving a press fit with the 
wall of the installation hole. The element may be formed of a flat disc, washer, or other flat 
piece having an annular rim, the piece being formed into the conical or frusta-conical element of 
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the present invention in the desired conical shape by placement in a conical die and impaction by 
a ball or other tool to form the desired cone or dome shape. The insertion of a tube or other 
component into a central opening in the element can achieve a press fit of the tube within the 
element. While the drawings and description uniformly describe the axial pressure exerted from 
above upon the peak or apex of the conical element with opposing force supporting the rim 
exerted upward, it will be anticipated that the direction and area of application of these forces 
. could be reversed so long as the forces are opposing. 

While preferred embodiments of the foregoing invention have been set forth for purposes 
of illustration, the foregoing description should not be deemed a limitation of the invention 
herein. Accordingly, various modifications, adaptations and alternatives may occur to one 
skilled in the art without departing from the spirit and the scope of the present invention. 
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